Introduction: Hypertension is a major cause of global morbidity and mortality, with high prevalence rates in Africa including Kenya. Consequently, it is imperative to understand current treatment approaches and their effectiveness in practice. Currently, there is paucity of such data in Kenya, which is a concern. The aim is to describe prescribing patterns and adequacy of blood pressure control in adult hypertensive patients to guide future practice. Method: Retrospective study of patients attending a sub-county outpatient clinic combined with qualitative interviews. Results: 247 hypertensive patients, predominantly female, mean age 55.8 years on antihypertensive therapy for 1-5 years, were analyzed. ACEIs and thiazide diuretics were the most commonly prescribed mainly as combination therapy. Treatment typically complied with guidelines, mainly for stage 2 hypertension (75%). BP control was observed in 46% of patients, with a significant reduction in mean systolic (155 to 144 mmHg) and diastolic (91 to 83 mmHg) BP (P<0.001). Patients on ≥2 antihypertensive drugs were more likely to have uncontrolled BP (OR:1.9, p=0.021). Conclusion: Encouragingly good adherence to guidelines helped by training. Poor blood pressure control in the majority needs to be addressed. Additional training of prescribers and follow-up of measures to improve BP control will be introduced and followed up.
INTRODUCTION
The highest prevalence of hypertension worldwide is seen in the African region (1), with reported prevalence as high as 80% among those aged 50 or over (2, 3) , which is set to rise (1), enhanced by growing rates of diabetes and obesity (4, 5) . High rates are not helped by typically low levels of awareness, treatment, and control of hypertension among patients in Africa, including Kenya, exacerbated by low levels of medication adherence (1, 6, 7). In Kenya, the mean systolic blood pressure has increased from 127 to 132 mmHg between 1990 and 2008 (8) . Overall prevalence rates of hypertension among adults in Kenya aged between 35 and 64 is approximately 30% (7) . However, others have demonstrated higher rates of 50% or more (9, 10) . Consequently, hypertension has emerged as a major global public health issue in Africa (11, 12) including Kenya.
Antihypertensive therapy has demonstrated clear benefits through reducing the risk of adverse health outcomes (13) . The use of treatment guidelines typically enhances the appropriate use of medicines, although there are concerns with adherence rates to guidelines in practice across countries (14) (15) (16) (17) (18) . The current Kenyan Standard Treatment Guidelines (STGs) recommend the use of diuretics, beta blockers, calcium channel blockers (CCDs), angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) for patients with hypertension. This is in line with Joint National Committee (JNC) Guidelines (19, 20) , with treatment subsequently stepped up if blood pressure (BP) control is not being achieved. However, there is stronger recommendation of a thiazide diuretic or a CCB initially in the JNC guidelines (19, 20) compared with the Kenyan STGs, which recommend ACEIs as first line therapy (21) , potentially leading to under use of CCBs in Kenya
To date, there is paucity of data on prescribing patterns of antihypertensive medicines in Kenya. This is a matter of concern considering the public health burden of hypertension in Kenya, and the serious patient consequences of poor control (1, 8, 10, 22) . In addition, the few studies to date have typically found only limited control of hypertension in Kenya, even in those patients taking anti-hypertensive medicines (23) , at rates ranging from 3% to 33% of the adult population (9, (23) (24) (25) .
Consequently, we sought to ascertain current prescribing patterns of antihypertensive medicines in patients undergoing treatment for hypertension in Kenya, determine the level of compliance with treatment guidelines and subsequent adequacy of BP control, as well as identify key determinants of BP control among adult hypertensive patients. The findings to provide future guidance to the Ministry of Health, and other authorities in Kenya, to improve future control of hypertension.
Currently, there is also a scarcity of electronic health information systems in Kenya to monitor the care of patients in ambulatory care, unlike the situation for these patients with HIV included in the AMPATH programme; however, initiatives are in place to address this (26-30). The introduction of Access programmes to improve the availability of medicines to patients with chronic diseases in Kenya, such as those with hypertension, should further help in the development of such systems (31, 32) to address recognized deficiencies (33). As a result, the findings from this study can also be used as a baseline to further improve the management of this important disease as access to medicines improves for patients
Materials and Methods

Study locality
The study was conducted at the medical out-patient clinic (MOPC) of Ruiru sub-county hospital in Kiambu County, Kenya. Ruiru is one of the peri-urban satellite towns of Nairobi City with a community of mainly middle class socioeconomic status. The MOPC serves approximately 800 active hypertensive patients from both urban and rural areas. Prescribers at the MOPC consist of medical consultants, medical officers and clinical officers. Consequently, this can provide a reasonable representation of current treatment practices across MOPCs in Kenya. In addition, provide a baseline for the recent access programmes, with this MOPC one of the chosen sites.
Study design
A descriptive cross-sectional study was conducted between January to April 2015 to collect data on the current use of antihypertensive medicines and their rationale at the MOPC of Ruiru Sub-county hospital. A mixed-method approach was used to collect data whereby quantitative data were collected by retrospective analysis of medicines prescribed from patients' medical records at their last visit using a pre-designed and validated data collection form. A semi-structured interview guide was used for collecting qualitative data from prescribers at the MOPC, pre-tested to enhance the quality of data collection. Its content is described below.
Study population
The study population consisted of active, registered hypertensive patients aged 18 years and above, attending the MOPC at Ruiru Sub-County hospital for at least one year prior to the commencement of the study. The patients were on treatment with at least one anti-hypertensive medicine, had visited the clinic at least three times in the year preceding the study period (January to April 2015) to demonstrate they had received routine management and had complete medical records. Hypertensive patients were excluded if they had not visited the clinic at least three times in a year, were pregnant or had incomplete medical records. This is because it is normal practice in this clinic to review patients at least every three to four months. The one year follow-up period was deemed adequate to provide enough treatment record to evaluate the management of hypertension at this facility. For the qualitative study, the study population consisted of all prescribers stationed at the MOPC at the time of the study.
Sample size
The sample size for this study was calculated according to the Cochran formula for sample size calculation for categorical variables (34). A previous study in Kenya had reported compliance to antihypertensive guidelines of 80% (35), which was used in sample size calculation as follows: n = z 2 (p) (q)/d2. Where: n = sample size z = z statistic for 95% level of confidence which is conventionally = 1.96 p = estimated prevalence or proportion in the population q =1-p d = level of precision used in the study set at 5%
A sample size of 246 was calculated from the above formula which was adjusted to cater for the proportion of files with incomplete data estimated at 10% to yield a sample size of 271.
Sampling procedure
Systematic purposive sampling was used to sample patients from a list of patients obtained from the patient attendance register for every clinic day of the four-month study period. Files belonging to the eligible sampled patients were retrieved from the records department until the required sample size was accrued. Informed consent was obtained from the prescribers before enrolment into the study. Since only five prescribers were working at the MOPC during the period of data collection, all were interviewed.
Data collection procedure
A predesigned, validated data collection form was used to abstract quantitative data from the medical records of each patient. Data were collected on the following at recruitment into the study: patient demographic characteristics, comorbidities, BP, current antihypertensive medication and other concurrent medications as recorded in each patient's file at the last visit during the study period. In addition, the initial BP reading when the patient was registered at the clinic was determined retrospectively from the patient records and recorded.
At Ruiru sub-county hospital, initial and subsequent blood pressure (BP) was typically recorded using a digital sphygmomanometer, and co-morbidities such as diabetes (defined as blood glucose > 7.8 mmol/L on more than one occasion) were diagnosed as per the Kenyan STGs for the management and referral of common conditions (21) . This information was typically recorded in the patients' notes and subsequently transferred to the data collection forms for analysis. There was no other source of clinical information.
For the qualitative study, prescribers working at the study site were informed about the study including the expected duration of the interview, voluntary participation and confidentiality. On signing the consent form, the interview was conducted using a semi-structured interview guide. Data collected included prescribers' cadre; approximate number of patients seen per clinic day (workload); awareness and adherence to treatment guidelines for hypertension; post-qualification training on the use of the guidelines; challenges encountered in their management of hypertensive patients; and barriers to their adherence to treatment guidelines.
Data analysis
Quantitative data were analysed using STATA 10 (StanCorp, Inc, Texas, and USA). All data were subjected to descriptive data analysis. Continuous variables were presented as means (SD) when normally distributed and as median (range) when not normally distributed. Categorical variables were presented as counts and percentages. Antihypertensive medicines were categorized according to their therapeutic classes. The frequency of each pharmacological class and that of individual medications were expressed as a percentage of the total number of prescriptions. Patients were categorized according to the levels of their systolic blood pressure (SBP) and diastolic blood pressure (DBP) at diagnosis and at the last visit according to the JNC-7 classification of hypertension (19) (Box 1). Bivariate analysis was done to compare subjects with controlled and those with un-controlled BP.
Comparison of the distribution of variables across arms was done by Pearson chi-square test for categorical variables, or the unpaired t-test for continuous variables. Variables that were found significant in the bivariate analysis were then included in a multivariable logistic regression analysis to identify key independent variables influencing BP control. P-values of 0.05 or less were considered as significant.
Prescription patterns for treatment of hypertension at the study site were subsequently compared to both the JNC-8 management guidelines and the Kenyan STGs (21). However, for evaluating adherence, comparisons were undertaken to JNC 8 guidelines. JNC 8 guidelines were chosen as they were the most current, evidence-based guidelines at the time of the study, and represented a credible international benchmark for the management of hypertension. They were seen as more up-to-date than the Kenyan STGs, and gave specifications on black patients, with the Kenyan STGs last revised in 2009. For example, the Kenyan STG recommends the use of an ACEI in diabetic -hypertensive patients. However, recent studies have failed to show the superiority of ACEIs over other treatments in the prevention of renal disease among black patients (36) , reflected in JNC 8, which recommends the use of thiazide diuretics or CCBs as first-line therapy in black patients (19, 20) . JNC8 is also seen as more relevant to Kenya than for instance NICE, ESH or CHEP recommendations in view of its comments on treating black hypertensive patients alongside being seen as more up-to-date (37, 38), The criteria for evaluation focused on choices of prescribed drugs, appropriate drug therapy for compelling indications, appropriate concurrent drugs and appropriate combination therapy and dosing.
A qualitative review of interview responses was carried out through a descriptive analysis of key data from each participant. Analysis was undertaken by discerning patterns or themes among responses from participants and performing meaningful groupings of the themes.
Ethical consideration
Approval to carry out the study was granted by the Kenyatta National Hospital / University of Nairobi Ethics Review Committee (KNH/UoN ERC). Approval to conduct the study was also granted by the Hospital management. Patient records were identified by codes to maintain privacy and confidentiality. Informed consent was granted by all prescribers from whom qualitative data was collected.
Results
Baseline characteristics of study population
Baseline characteristics of study population are shown in Table 1 . A total of 247 hypertensive patients were included in the study of which the majority, 216 (87%), were females. The overall mean age of the hypertensive patients was 56 ± 12.5 years, with most of the patients being in the range of 40 to 59 years (44%). Diabetes was the most common comorbidity among the hypertensive patients (37%). Most of the patients 178 (72%) had been on antihypertensive therapy for between one and five years. 
Prescription patterns of antihypertensive drugs in the study population
The most frequently prescribed class of antihypertensive drugs at the time of the visit was the ACEIs at 48% followed by thiazide diuretics at 40% as shown in Table 2 . The antihypertensive regimens prescribed are shown in Table 3 . ACEIs were the most frequently prescribed monotherapy regimen, where they accounted for 20% of all prescriptions. A combination of an ACEI and a thiazide diuretic was the second most prescribed regimen at 14% of all prescriptions.
Most patients were either on monotherapy or on two-drug regimens at 40% and 44% respectively. Combination therapies accounted for approximately 60% of all prescriptions. Prescription patterns of co-medications to the hypertensive patients are shown in Table 4 . Metformin and glibenclamide were the most common at 29% and 23% respectively. 
Compliance of prescribing patterns to JNC-8 hypertension treatment guidelines
Compliance to the JNC-8 treatment guidelines was high at 82% of prescriptions. Most prescribers complied with recommendations by the JNC-8 report on the choice of antihypertensives for specific stages of hypertension, compelling indications, and use of appropriate concurrent medicines. For example, use of appropriate drug therapy for compelling indications met guideline requirements in all cases (100%). For most prescribers, the rate of prescribing appropriate dosing and appropriate concurrent medicines was high at 96.4 and 95.4% respectively. However, compliance with treatment for stage 2 hypertension was 75.2% and for stage 1 lower at only 45.1%.
Control of blood pressure levels among hypertensive patients
Overall, 46% of the hypertensive patients in the study attained adequate blood pressure control, i.e. BP below 140/90 mmHg at the last clinic visit. There was typically a reduction in mean BP levels from diagnosis to the last clinic visit (Table 5 ). There was also a significant reduction in mean systolic blood pressure from 155 mmHg at diagnosis to 141 mmHg at the last clinic visit (P < 0.001). Similarly, the mean diastolic blood pressure was significantly reduced from 91 mmHg at diagnosis to 83 mmHg at the last visit (P < 0.001). There was also a significant reduction in the number of patients in all stages of hypertension at the last visit with 7% having attained normal BP whereas those in stage 2 hypertension were significantly reduced from 43% to 19% at the last visit (P <0.001). 
Factors affecting blood Pressure control in hypertensive patients
On bivariate analysis, some of the factors found to be significantly associated with poor BP control included the sex of the patient, the number of medicines they were prescribed and being on a beta blocker (Table 6 ). In the multivariable logistic regression analyses, all the included variables, except for being on beta-blockers, were independent risk factors for poor BP control. Females and patients on ≥2 antihypertensive drugs were approximately two times more likely to have uncontrolled BP (OR: 2.3, 95%CI: 1.03, 5.1, p=0.043) and (OR:1.9, 95%CI: 1.1, 3.3, p=0.021), respectively. 
Adherence to hypertension treatment guidelines by prescribers
Five prescribers were interviewed of whom three were females aged 20 to 40 years (mean 30 years). This consisted of three medical officers, one clinical officer and one consultant physician treating 10 to 50 hypertensive patients per clinic day. Prescribers reported a great degree of awareness of the available hypertension treatment guidelines, namely JNC-7, JNC-8 and the Kenya Standard Treatment Guidelines (STG). All the prescribers had been trained on the use of the guidelines and appeared adherent. The most common challenges expressed by prescribers in the management of hypertension was poor patient adherence to medications, costly medications, medication stock outs, lack of patient counseling and support systems and the lack of laboratory and imaging facilities for further patient investigations.
Discussion
The demographic characteristics observed in this study were similar to those reported in other Kenyan studies (23, 39) , with the high number of females (Table 1) thought to reflect better health seeking habits of females in general versus males (40) . The mean age of 55.8 years (Table 1) is consistent with a previous study in Kenya (35).
Diabetes was the most common comorbidity (Table 1) , which was not surprising since hypertension and diabetes frequently coexist due to similar range of risk factors (19). This makes the management of hypertension extremely important in Kenya as poor BP control increases mortality in patients with diabetes (41).
Overall there was good compliance to treatment guidelines (JNC-8) at 82%, mirroring a previous study in Kenya (20) , which is encouraging. Deviations from the guidelines were mostly observed in the treatment of Stage 1 hypertension, where only 45% of patients were treated according to the recommendations of JNC-8. This could be due to clinical inertia (42) due to consideration of patients' circumstances including increasing the pill burden (6, 43, 44 ). This will be followed up in future studies. Prescribers also pointed out a lack of laboratory and imaging facilities for further patient investigations, which could also impede appropriate intensification of therapy.
We believe the high use of ACEIs (Table 2) , and under use of CCBs (prescribed in only 26% of patients), can be attributed to prescribers applying the recommendations of the Kenyan STG rather than those of JNC-8, with most prescribers undergoing training of the Kenyan STGs and applying these in their clinical practice. The observed high use of thiazide diuretics (Table 2) is though consistent with current recommendations in the JNC guidelines, especially in black patients (19, 20) .
Most patients were on monotherapy or 2-drug regimens (Table 3) , with combination therapies accounting for approximately 60% of all prescriptions, similar to study carried out in India (45) . The high rate of monotherapy could potentially be explained by prescribers' reluctance to intensify therapy due to a number of factors, similar to other studies (42) , and will be explored further. We also observed that anti-diabetic drugs and low-dose aspirin were the most commonly prescribed concurrent medications (Table 4) , no doubt due to the high prevalence of diabetes and CV disease among our hypertensive patients (Table 1) , with aspirin recommended for secondary prevention of CV events in these patients (43) .
However, despite good compliance with treatment guidelines, BP was controlled in less than half of the hypertensive patients in this study (Table 5) , below WHO recommendations (46) . This rate though is higher than that reported in other Kenyan studies (9, (23) (24) (25) 39) , but similar to Zimbabwe (5), This is encouraging given concerns with the prescribing two or more anti-hypertensives and current high copayments for medicines for some patients. Even though adherence was not monitored in our study, most of our patients were on one or two-drug regimens, which could have promoted good adherence (44, 47) . However, this could be at the expense of achieving adequate BP control.
Poor BP control in our study was strongly associated with sex whereby females were more likely to have poor control (Table 6 ), in contrast though to other African studies (1), despite potentially having better health seeking behaviour However, it should be noted that our study population was predominantly female with only a small proportion (13%) male.
Other studies in Kenya have attributed poor BP control to old age, having diabetes and being on three or more drugs (23, 39) . However, our study did not observe any association between poor BP control with age or diabetes, possibly because almost half of our patient population were below 60 years and did not have diabetes (Table 6 ). We observed though an association between multi-drug regimens and poor BP control. Twenty nine patients (12%) in our study population were on a three-drug regimen (Table 3) , with a high proportion 21(76% of these) being uncontrolled (data not shown). This could be explained by the difficulties patients face with adherence to multiple medications as observed in the study by Achieng et al (25) . We also postulate that patients who needed multi-drug regimens could have had more severe, resistant or refractory hypertension, which is inherently poorly controlled (20) . Poor BP control may also be due to underuse of CCBs and over use of ACEIs and ARBs in our study patients (Table 3) , with the ALLHAT study showing that both thiazide diuretics and CCBs have a greater effect on controlling BP versus ACEIs in African Americans (36) . Co-payments for multiple medicines could also be an issue affecting adherence rates (48) (49) (50) (51) (52) . This should be helped by Access programmes in Kenya in the future (31, 32)
Study Limitations
We acknowledge that the retrospective data used for this study obtained from patients' records may not always be accurate and complete. In addition, we only used one study site, which may not be totally representative of other MOPCs in Kenya. The actual protocol followed by healthcare professionals in the oscillometric measurement of patients' BP was also not outlined in patients' notes. Consequently, techniques may have varied among the professionals at this site, and we had no way of verifying this. In addition, only prescription and comorbidity data was used to examine compliance to treatment guidelines, which may not always be reliable.
Other factors which could affect the adequacy of BP control that were not considered include actual adherence to treatment in practice, accessibility to prescribed medicines, awareness and level of patient knowledge concerning the medicines prescribed, the need for proper BP control as well as other demographic characteristics such as the level of education and socioeconomic status. Furthermore, the small number of healthcare providers at the facility, with each attending to many patients, does mean that individual provider practices can significantly influence the overall standard of care observed at the facility. These factors will be addressed in future studies. Nevertheless, we believe our study is a good basis for suggesting future initiatives to improve the management of patients with hypertension in Kenya given the growing prevalence rates alongside the recent Access programmes.
Conclusion and recommendations
Prescribing patterns of antihypertensive drugs in this study were consistent with the Kenyan STGs, where most patients were on ACEIs and thiazide diuretics. Compliance to the latest treatment JNC guidelines was also found to be reasonably high in this MOPC, though there were deviations in the treatment of stage 1 hypertension. This high level of compliance to treatment guidelines could contribute positively to BP control although an appreciable number of patients were still not adequately controlled, especially female patients. However, the observed gap in adherence to guideline recommendations provides an avenue for future interventions. Incongruences noted between recommendations in international guidelines (JNC 7 and 8) and the local Kenyan guidelines should also be remedied through the timely updating of local STGs to avoid confusion and improve future care. Confusion has been seen in other settings and countries when there is conflicting advice, and should be avoided if possible (53) . Treatment guidelines should be reviewed to reflect for instance the growing evidence showing superiority of chlorthalidone over hydrochlorthiazedine (54, 55) , although others are less sure (56) . We will be monitoring this in the future.
Issues of co-payment may have impacted on the number of medicines prescribed and hence adequate control. However, it is difficult to substantiate this without further studies. Co-payments could be reduced following the Access initiatives, and this will be monitored further in this MOPC and other sites in Kenya. These schemes can also include training healthcare workers to provide appropriate care. Additional research is also needed to address other possible determinants of BP control such as medication adherence, which was not the subject of this research.
In the meantime, regular training of health workers on appropriate treatment guidelines is recommended to keep them up to date with current trends as new evidence emerges including addressing issues of poor BP control when this occurs. Active implementation programs have helped reduce BP among patients in Kenya. This alongside continuing audits on the use of antihypertensive medicines among treatment clinics is necessary to improve future care given the high and growing prevalence of hypertension in Kenya. We are encouraged by publications showing improvements in BP control in countries that have instigated multiple policies over time. This includes the USA with the percentage of adults with controlled BP increasing from 31.5% in 1999 to 54.0% in 2014 (57), with a similar increase in Turkey (58),
Expert Commentary
The prevalence of hypertension, and current poor control, is a major public health concern in Kenya. This is not helped by concerns with knowledge among patients, treatment approaches and adherence rates in routine care for ambulatory patients. This study showed there was generally good compliance with JNC guidelines, which is encouraging. However, the contradictory advice in the current Kenyan STGs has led to higher use of ACEIs and lower use of CCBs. There are also an appreciable number of patients with uncontrolled BP, despite good adherence to the guidelines, due to a number of factors including potential co-payments, prescriber reluctance to intensify therapy if needed, as well as potentially under utilization of CCBs. Co-payments as well as healthcare professional training is being addressed through the Access programmes, and we will be monitoring their impact in future years to help improve the management of patients with hypertension in Kenya. Potential improvements in electronic systems should also help, building on existing examples.
Five year commentary
It is likely that we will see improvements in the management of patients with hypertension in Kenya over the next five years with increasing access to medicines with the ongoing programmes to offer these at low prices to patients, as well as improved training of healthcare professionals and patients and better access to laboratory and imaging facilities. This includes addressing fears of dose and drug escalation if needed to achieve good control. It is also likely there will be improvements in electronic systems to better monitor the care of hypertensive patients. This will build on existing initiatives such as the AMPATH approach for HIV patients with or without concomitant hypertension, enhanced by ongoing Access programmes. In addition, more up-to-date and consistent Standard Treatment Guidelines in Kenya addressing current concerns. These combined factors, together with regular visits to ambulatory care clinics, will help to improve the management of patients with hypertension in Kenya especially among women. As a result, there should be appreciable reductions in the number of patients with uncontrolled hypertension in Kenya over the coming years, similar to other countries in recent years.
Key points
 Hypertension is a major issue across Africa, including Kenya, leading to high rates of avoidable morbidity and mortality  Prevalence rates as high as 55% have been observed in some populations in Kenya. In addition, the limited number of studies to date have shown limited control of hypertension, ranging from 3% to 33% of the adult population  In this study, there was good adherence to the JNC guidelines (82% of prescriptions), although there was high use of ACEIs and under-utilisation of CCBs. This may have contributed to lower than expected control of BP in only 46% of patients despite the high adherence rates to the guidelines  Limited intensification of therapy, possibly due to physician fears, as well as issues of copayments, may also have resulted in limited control of hypertension in practice in this study population  It is expected that the introduction of Access programmes in Kenya, helping to address issues of co-payments and physician training, as well as improved electronic systems, will help improve the management of hypertension in Kenya in the future. This will be monitored.
